A METER FOR USE I N A METHOD OF REDUCI NG | NTERFERENCES | N AN
ELECTROCHEM CAL SENSCOR USI NG TWO DI FFERENT APPLI ED POTENTI ALS
BACKGROUND OF | NVENTI ON [ 0001] El ectrochem cal gl ucose test strips,
such as those used in the OneTouch(r) Utra(r) whole blood testing
kit, which is available fromLifeScan, Inc., are designed to neasure
t he concenth HETER RER YSEIHISR MIETHODHOE RELRUGHHIGINTESHERENEFR N ANt h
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oxi dation of glucose by the flavo-enzyne gl ucose oxidase. During this
reaction, the enzyne becones reduced. The enzyme is re-oxidized by
reaction with the nediator ferricyanide, which is itself reduced

during the course or the reactio Thes eactions are summari zed
bel ow. D 3 ucose + G hi ﬂéﬁ%@ﬁ@”@@@ﬁ“@@ﬁ@ﬂ) QOx(RED) + 2
Fe( CN) 63159 FOxpX) gfecg?(ﬁz%ﬁn% cosk RO BRL B BoteRed kPeset forth

above is conducted w an applied potential between two el ectrodes,
an el ectri calOmFoeds iUlnalywhele bloed tesiingkit, twhichds sxilatle fromi I Scan,
re-oxidation.of th

reduced nedi.ator ion.(f oevani at _the
el ectrode surfFad&® 8‘%??%‘5‘?%&??58{3 the congen ué‘& ‘%réi'{?f’%/eolﬂ r?’g)ﬁod . rL?‘:lrmunt
of ferrocyanife sdiRalkedihiisiens. ThemeRerheal ofighrbéd i9Dasteapsn ad above
Is directly proportional to the anount of glucose in_the_sanple

posi ti oned” bepwenoxirion o€ ghupesa b therflgrosnmimeaglucgenesiéase dDwomEdhis
proportional rgﬁtlgﬁ%heqén%ﬁrﬁg Bedoffit fldhced. The enzyme 1s re-oxidized by reaction

with the mediator ferricyanide, which is itself reduced during the course or the

reaction. These reactions are summarized below.

D-Glucose + GOx gy, —> Gluconic acid + GOxgep)

GOxgepy + 2 Fe(CN)gH+ ———= GOx g, + 2 Fe(CN),*

[o002] When the reaction set forth above is conducted with an applied
potential between two electrodes, an electrical current may be created by the
electrochemical re-oxidation of the reduced mediator ion (ferrocyanide) at the
electrode surface. Thus, since, in an ideal environment, the amount of

¥ ferrocyanide created during the chemical reaction described above is directly
proportional to the amount of glucose in the sample positioned between the
electrodes, the current generated would be proportional to the glucose content
of the sample. A redox mediator, such as ferricyanide is a compound that
exchanges electrons between a redox enzyme such as glucose oxidase axad an
electrode. As the concentration of ghucose in the sample increases, the amount
of reduced mediator formed also increases, hence, there is a direct relationship
between current resuliing from the re-oxidation of reduced mediator and
glucose concentration. In particular, the transfer of electrons across the

electrical interface results in a flow of corrent (2 moles of electrons for every



of the sanple. A redox nediator, such as ferricyanide is a conpound
t hat exchanges el ectrons between a redox enzynme such as gl ucose

oxi dase and an el ectrode. As the concentration of glucose in the
sanpl e i ncreases, the anount of reduced nedi ator fornmed al so

increases, hence, there is a direct relationship between current

resul ting fromledfclnesotbatigoxisizedy Theguew revpliins fiom thaitrgluetive

concentration,. |ln partigul t r ons across the
. . . i,
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el ectrons for every nole of glucose that is oxidized). The current

resulti?ﬁ fromthe introduction of glucose Y, therefor%, be
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a di sposabl e ri h L G AIh lL.gast two
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enzynme (e.g. mitee 096k rdodamefonamith adidhoaitde sifip fgit inckuded <gpamilede) . | n
use, the user prjcks their finger or_other conyenie ite to induce
bl eedi ng and q’ﬁf‘?ﬁ&&éégle%ﬁtﬁ‘f%glﬂc@gﬁiﬂ@% W?ngeéﬁgﬁg Mt hus
starting the ahgghe@hehRrid @ S8kost BililbepRRMBediltIL 4] feficyanide).
el ectrochemi cal terns, the function of the neter is two fold,
Firstly, it pPnoss, desser pokstierifmgenwothayeonyepenrtsits ivdedioy blpeding i n t he
case of OneToucgh(r), Utr hat ., pol.ari z he, el ectrjgcal .interface
and al | ows CLﬁuﬁé’ﬂdePF%gv?ibj%o‘iﬁﬁﬂenp%%P ggﬁaﬂﬁﬁfzéﬁgb% %g Srtééﬁréé Wt ace.
Secondly, it Jyeasdl @sctidageClrhabdvel hat flows in the external circuit
bet ween the anode (working el ectrode) and the cathode (reference
el ectrode). The neter may, therefore be considered to be a sinple
el ectrochgmcal Sgﬁ%ﬁ%&@l@hic%?ﬁfrﬁé,%ﬂﬁb b8 Bk Sicter 248, 0MBEE TkdROUgh,
in practice,” third and, even fourth electrodes may be used to
facilitate thiepwesisua polerizingfoliize Cppmximalely 0.40¢€ irf the rasorhiPreTondt'| ons
:2 Egﬁsrgte?reylﬁrg%gtgltl %lmn%seéthgle elé%tclal?n %ffactegfekd gl%%was:[c!uggnt otw gt%%h above
carbon working electrode surface. Secondly, it measures the current that flows

in the external circuit between the anode (working electrode) and the cathode
(reference electrode). The meter may, therefore be considered to be a simple
electrochemical system that operates in two-electrode mode although, in
practice, third and, even fourth electrodes may be used to facilitate the

measurement of glucose and/or perform other functions in the meter.

[0005} In most situations, the equation set forth above is considered to be a
sufficient approximation of the chemical reaction taking place on the test sirip
and the meter reading a sufficiently accurate representation of the glucose
content of the blood sample. However, under certain circumstances and for

certain purposes, it may be advantageous to improve the accuracy of the



sufficient approximation of the chem cal reaction taking place on the
test strip and the neter reading a sufficiently accurate
representation of the glucose content of the blood sanple. However,
under certain circunstances and for certain purposes, it may be
advant ageous to inprove_the accuracy of the_ _neasurenent. For

exanpl e, wher BeasURRe-oFPr GXampe Yhgrdra Bortionakibe patpnhmepmecdat thet r ode
results from ' ' : &&g% 13 the
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t hey nmay be r ediapleeWhen sach ddditenélethemipals onpaonpoisdsaard ptdeent ribsyuhay ng

addi tional cufrent be referred to.as. Interfering.Currents
[ 0006] Bxanpl o2° RO A PIFFY % (Pmerars g (e s €¥0ng Seehpounds
found in physipkegigatedtb i HeerfeHEH CaSedit 00d that may generate
Interfering Currents in the presence of an electrical field) include

ascorbate, urate and acetam nophen (Tyl enorm or Paracetanol). One

mechani s gene i I feri.n rrents in. el ect.r ochem cal
meter fo @Jr?g Ls uri n§§%ﬁ@%cog %é%%?ﬁgtlfl%ﬁ%% %‘ﬁmécﬁi a IQ]y?ag OTinnglds oond i
physi ol ogi cal physitleli¢a fgids uchlab blose tHE ey pedefit®ineferib Cuguitslad | on of
one or nore interfering conpounds. by reduction of the enzyme (e.g.

gl ucose oxi dad¥pressnge ren gectig hald) deiuds ascoeEnts wateyd apetepinaphieng

Cun-ents in s i i i : : re
Chtertering oot Bhatbdy) 2ond ARl MnlinderRiing
ferricyani de) Cukefits it dresieciredieandad metep forgeaairaigitigconodmizfiar ofw
Currents in such a.neter,  |nvo]yes . the oxidation_of _one or pore
interfering cBWbYGEHYSPRE! i% 5 woss Bt el thafiqagpapt
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current generated by oxidation of the analyte and the current
generat ed by exidase).i dfugier mechanisar fongenettipg Intereriag iClaeits in oich a

i no COmRMMA TN RGe Tk P B BT SO
general , pot epddualidnyofithd wedigor (0. fnipaniaes A arhbeanekbaikmdst at t he
generating Interfering Currents in such a meter involves the oxidation of one
or more interfering compounds at the working electrode. Thus, the total
current measured at the working electrode 1s the superposition of the current
generated by oxidation of the analyte and the current generated by oxidation of
interfering compounds. Oxidation of interfering compounds may be a result
of interaction with the enzyme, the mediator or may occur directly at the

working electrode.

[0007] In general, potentially interfering compounds can be oxidized at the
electrode surface and/or by a redox mediator, This oxidation of the interfering
compound in a glucose measurement system causes the measured oxidation
current to be dependent on both the glucose and the interfering compound.
Therefore, if the concentration of interfering compound oxidizes as efficiently
as glucose and/or the interfering compound concentration is significantly high
relative to the glucose concentration, it may impact the measured glucose

concentration.



el ectrode surface and/or by a redox nediator. This oxidation of the
interfering conpound in a glucose neasurenent system causes the
measur ed oxidation current to be dependent on both the glucose and
the interfering conmpound. Therefore, if the concentration of
interfering conpound oxidizes as efficiently as glucose and/or the
interfering conpound concentration is significantly high relative to
t he gl uc groncentyeablatyizd i | ucose
concent rgﬁ?o]ﬁ. [%%Tﬁgﬂlgﬁogg?ﬁ}%g?%g%?&gna y%&?ﬂggé. gl ucose)

wi t h i nterf er¢omepogedsss evpdsiall s problsmetiaivhen the sbhdandpdtentiah e, thbe

standard potepntial. (i ,e, the potenti al iC .conpound _i_s
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portion of the Interference Current Deing generated by oxidation of
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interfering conpounds fromreaching the working e ec us
reduci ng or efrmEniatthemeasycensint efanalytet contertmetioe Rreviownhethidstafbut abl e

to the exclu : s.. [Q009] One strategy.for, reducing the

ef fects of iﬁlt%gurc? |%§9’§%aﬁlﬁggﬁ8‘§’¥‘ é‘%m”éSﬁ‘é?%’gE‘c df’gﬁsc‘g‘f”i’ﬁgthsé?%ce
current is tdhpipaeenahogatdninglcymphangeemreshngme wadRRiiohbe

wor ki ng el ectthode. As one exanple, a sul fonated fl uoropol yner 'such as

NAFI ON7m may BEs jstusiagrrsiiarnating thidliertigteefwaterarentagribulgbl ta ke
negatively chacmash L@ s. In general, many interfering conpounds,
i ncl udi ng ascorbate and urate, have a negative charge, and thus, are
excl uded from being oxidized at the working el ectrode when the

surface he working electrode is cqvered. by_a negatively charged
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t he negativeloy chaéﬁed nmenbr ane, the use of a negativ char ged
menbr ane wi | 19948R 9%hs peHdrgclestode) Asere exsmpic @ pulfineted diuprpolynderot her

di sadvant age lrk?i vt i l.ectrode with negat.j vel y
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di sadvant age "0 u‘ﬁ ® O%at}‘?é'lﬁgﬁ%%i’rve(ﬁﬂfﬁgé‘@ hirgpand thugase exdiedegor ki ng

el ectrode is ffonebddsy &A8izad atltBe working electrode when the surface of the working

electrode is covered by a negatively charged membrane. However, because

some interfering compounds, such as acetaminophen, are not negatively
charged, and thus, can pass through the negatively charged membrane, the use
of a negatively charged membrane will not eliminate the Direct interference
current. Another disadvantage of covering the working electrode with a
negatively charged membrane is that commonly used redox mediators, such as
ferricyanide, are negatively charged and cannot pass through the membrane to
exchange electrons with the electrode. A further disadvantage of using a

negatively charged membrane over the working electrode is the potential to



slow the diffusion of the reduced nediator to the working el ectrode,
thus increasing the test tinme. A further disadvantage of using a
negatively charged nenbrane over the working electrode is the

i ncreased conpl exity and expense of manufacturing the test strips

wi th a negati vﬁgy C ed r%rerrbr ane, [00010] Anot her strategy that can
be used to defPEHbeditEopg e rsdysed pedialer tothe werking eleptode.tlanst s is to
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over the size exclusion nmenbrane. d ucose oxi dase generates hydrogen

peroxi de, in the presence of %Lﬁtéjcose and oxygen, in an anount
proporti ¢¥0L o t hangiharetatesy dhat et heatsedin detreass thpudfclsef Dakad t hat
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no| ecul ar wei ghbedimgnid theiradox epaympash at finaueg hxitive ispositicned eed ihee

menbr ane, thesigggxc?gs.a Si zg selsﬁl'ltpi ve rgenbrane il] not elimpate the
Direct interfé&ferice current 2™ FIFTHOrgicsEncralft aykogsn neerHs: | si ze
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which interfem g‘&gmﬁl}ﬁﬂl@uﬁ‘f@feﬁhgc@ﬁﬁdﬁh&ﬁiﬁvg){;ﬁdﬂfcﬂé@%{gﬂg wEahLpde.
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rel atively i nodlthis, ean pass through the size selective membrane, the use of a size

; selective membrane will not eliminate the Direct interference current. A

further disadvantage of using a size selective membrane over the working

electrode is the increased complexity and expense of mamfacturing the test

strips with a size selective membrane,

[00011] Another strategy that can be used to decrease the effects of Direct”
interference current is to use a redox mediator with a low redox potential, for
example, a redox potential of between about — 300mV to + 100 mV (vs a
saturated calomel electrode). This allows the applied potential to the working
electrode to be relatively low which, in turn, decreases the rate at which

interfering compounds are oxidized by the working electrode. Examples of



[ 00012] Anot her strategy that can be used to decrease the effects of
interfering conpounds is to use a dummy electrode in conjunction with
the working el ectrode. The current neasured at the dunmy el ectrode
may then be subtracted fromthe current neasured at the working

el ectrode in order to coppensat _i}olgrlthe effect of the interfering

conpounds. | f "CRE RIS BTRE 3 S 4 Feslog poisntig) dpcluds v by an
enzynme or medbalAiN cofPRRes Rttt RAYVaRASHE §6in e&é?ﬁr'atgéég.‘% el ectrode

wi Il be proportional to the Direct |nter.fere§ce current an
subtracting tHeweter wedex medisiorsdrhving arrhlativikiyioy pitentint od oftén diffidulte

current neasute t . in ect,roqde wi.ll .reduce or elimnate
the effect of [%%%éfl%gg?]%w&g%a@ﬁaﬁ“qﬁvm‘l@?ql ®-conpounds at the

wor ki ng el ectrode. If the dunmy electrode is coated with a redox

medi at or @ﬂ&gkthe current neasured at the dummy electrode will be a

conbi nat i Di r é8pthpritatepr fiehedn hewsediordeameseithe effersof satasiner ent
resul ting from | 5112&1 el ekl interfering
conmpound. Thus, su ?%ggﬁl%at e %glg(%ie(ont n%%ﬁ%{cggggﬁﬂﬁ]eg&%%

el ectrode coatledratet fhacurenibmenmekidadt tre duneny élberode dagiienri@asur ed at

the working electro wll reduce or elimnate the effect of the
direct oxi gat F‘g’ﬁrafitfeg%qf“et}l? ‘é‘?‘T‘?‘?@m&%ﬁWE}?W@Sﬁ@C@@éﬁéﬂdﬁ to
interference E@ﬁpléﬂséte%rftﬁé)éﬁ%ﬁﬁqﬁéin@é?feﬁ¥1§5§)}§%c§1ﬁggxlf% by an

interfering conpound at the working electr I'n sone I nstances the
dummy el ect r otléctidy inbae (ivend eavered by athergmme nemedipiody tien thercurrent
deactivated r i rto.sinmulate t ffect, of the redox
medi at or and @%ggynid%ﬁ}melu# %’Jgtjf:lg%c’dggégh%gmp?%o QS‘? glf’éf“éaﬁfe that test
strips have ainserfdréncs ampine antwlbbectingahd hatenPoehed v thb adihalet es do

not have to expres | arge bl ood sample, it may not be advant ageous

to i nol ude ancBRTad frelde Poaet mieeRcd ﬁéh%wﬂﬂ%|q¥§¢ﬁp¢rcwéler§@§epne

sanpl e chambeglin@hidiBe YRR 6 hd&ir&X bkida nre]c&*ﬁsteﬂéhﬂﬁgcoﬂ@%mgﬁgwo
t y be di

measure the analyte (e.g. glucose). Further, Icult to
directly corr¥psies elpdroder Hére dumpay degthdats ¢dateddrifimredbentdiade t o

interference Al t the ki.ng el ecirode.. .Finally, since the
dummy el ect ro‘glg{l nay greeﬂt(%% frsd %ﬁdﬁgﬁgtegercﬁ%‘%w}l%cé’ﬂlb afiop @t o
redox medi at objresttintetferdndefctreftragdistiferofte @tratlt SestBRg flofh 20YEbn bhe
wor ki ng el ectrode, (e.qg. redox nedjator and enzyne), test strips which
use dunmy el e@??ﬁ@%@%éﬂt%fwﬁ%ff?ﬁn%@m% This, eptitracties tha gunrén
effect of intgef@rdng ﬂ&%ﬁﬁwﬁ&éﬂoae@o YigPh ?ﬁd@?ﬁ%ﬁﬁ rﬁio%%é ode
system may increase the cost” and conplexity of nmanutfacfuring the test
strip. [00013%oent miessuredgt thetvarking elecigois willireducebi ¢linziaatetiiddffabie
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resulting from reduction of the redox mediator by an interfering compound at

the working electrode. In some instances the dummy electrode may also be
coated with an inert protein or deactivated redox enzyme in order to simulate
the effect of the redox mediator and enzyme on diffusion. Because it is
preferable that test strips have a small sample chamber so that people with
diabetes do not have to express a large blood sample, it may not be
advantageous to include an extra electrode which incrementally increases the
sample chamber volume where the extra electrode is not used to measure the
analyte (e.g. glucose). Further, it may be difficult to directly correlate the

current measured at the dummy electrode to interference currents at the



measur enent system are advant ageous because the use of two working
el ectrodes. In such systens, it would, therefore, be advantageous to
develop a neter for use with such test strips in the reducing or
elimnating the effect of interfering conpounds. Mre particularly,
it would be advant agfeous to develop _a neter for use with such strips

in reduci ng oF RMERFECPHgFnA, sinpeie demmyslesipda mabaenisd vridian
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[ 00014] The preséid civaytrtwonking slediade §¢.ededox medigbreamdifenzynugctestn a

met hod of redycing,the effects of interferi o ounds i.n th

neasur enent O#{II%SH%WFBEG W@F@%ﬁ?ﬁ%f’éﬁ’?&’?g‘l %@telﬁﬂ"d“%mgﬁ@duci ng
the effects oéffdchbBnfetfeiRgcRRANIES tniltifte %ﬁ&iﬁ?&l%\f‘dd% IsPotdif) faly €51
strip utilizes two or nore working el ectrodes. Tn one enbodi nent of
the present i¥W¢@Entstbhcoshanfetomplexty sfimepefdctudngbatast #imn anal yte using
a nethod where a first potential is applied to a first working

el ectrode and a second potential, having the sane polarity but a
greater fEghs]t ude Cérain tebisstip designp ohiAtotitibe milipRpRkRg cleotrades &sond

wor ki ng el ectrode. The magni tude of the second potential may al so be
| ess than t heMe3SPrenalyti shiag fhersysters psed g den uglh elkra ghseigct i on
current is u t -one

enbodi nment , fﬁ%&%@aﬁgﬁ %ggiﬁgkgﬁgggﬁﬁ%%%ndﬁ%ﬂéﬁ%ge| ectrode
maybe cover edeleitiodes inendhyaystemedyemeld sherefoee) bx adwdiagtars td Hateloprae

anal yte specific..The first potential, appli.ed to. the. firyst_working
el ectrode is DEFLEFEP @ﬁ% ﬁucpﬁ%ﬁt‘ Stps 1“sﬂ1§83ﬁ?‘?15$ %‘h"?mflﬂgﬁﬁité? %CCF%%uced
redox medi at Ointerfariag thrfipdisiio Motd Pak @M1 AR Qoulvel8vihiesRGeNd
potential is selected to have a magnitude (i.e. absolute val ue)
greater than Y9Yelopagpstenfgpussrvithaich pirips ingedusing caleliminating thereffestn a
more efficientr:psi@atd ' ctrode. In this
enbodi nment of(gftl'% inv%‘%??@h?%%@%ﬁ?@%%&%cﬁﬁt%% neter at the
first worki nginskeedinte deentmaieunt esedon nasdidtyt veittcallowentoapdeitat.er f eri ng
conpound current while the current neasured at the second working

el ectrode includes an anal yte overpotential current and an
interfering conpound overpotential current. It should be noted that
the anal yte current and the anal yte overpotential current both refer
to a current that corresponds to the anal yte concentration and that
the current is a result of a reduced nmedi ator oxidation. In an
enbodi nent of this invention, the relationship between the currents
at the first working el ectrode and second worki ng el ectrode nay be

defined by the follow ng equathplpy oF INVENTION

[00014] The present invention is directed to a meter for use in a method of
reducing the effects of interfering compounds in the measurement of analyies
and more particularly to a method of reducing the effects of interfering
compounds in a system wherein the test strip utilizes two or more working
electrodes. In one embodiment of the present invention, a meter is adapted fo
measure an analyte using a method where a first potential is applied to a first
working electrode and a second potential, having the same polarity but a
greater magnitude than the first potential, is applied o a second working
electrode. The magnitude of the second potential may also be less than the



A 1- Y where Al is the analyte current at the first working

el ectrode, W) is the current nmeasured at the first working

el ectrode, W2 is the current neasured at the second working

el ectrode, Xis an anal yte dependent voltage effect factor and Y is an
interfering cggFound_dependent voltage effect factor. Using the
equati on set Pofeninb o an eppbadipspiayhese & trdariing qugentria ugndda aepsure
invention, iteSnRPRbRLRLRA @Hﬂ@eﬂ?ﬂbﬁiﬁé&ﬁﬁé iR Wl PULARIEHA °1t S
resulting fromthe presence of I nterfering conpounds calculate a
corrected cur sespd watking dévirodé maynbe eoverd vethemteatymereagert hnd redox

trati - lyte in th i ] d. 0015] |
mbodi ment | of "eriaRp el en syl R e B 28BN FPRISOR TSR ucose n
a sanpl e pl acegkeip dedi@at issklctied SR the 1GabFHbaed oPMiAR el BPrife

sanple on a test strip that is inserted into a nmeter according to the
present i nven®egiator it diffosion pdad manner viie thesstondipoteptinkis seedtedr st

wor ki ng el ect H?ﬂgﬁ i nd a r.ef.erenc

el ectrode, at {03%22? eﬁgggg?'%m%%?ﬁﬁg‘ggﬁe?gglel%éenlaa%%gﬁSF%S?]Wng

el ectrodes bepoigntzhatsitlingih b noiesfficiaht axddanon 6flat the se¢condwosligyme and a
redox medi at or,) a%apﬁa@iéeo fg,ci | i éfa%e_ t he oxi dation of glucose and
the transfer BFHA%EC nphogipanh el ok IFSER. e Guee megsyrad by fhest

wor ki ng el ect fyedeadnd fitsh Gol&ePd | ﬁ&%ﬁéﬁe tial
is applied by a net erﬁgsc?(c)}r di ng%u%@%%%ﬁg?ingﬁ% |nvent|é§1r?qgtg ween t he
first worki ngeapoznd cereen while e comée memswedatdl seooked warkihg dieetrede ond

wor ki ng el ect d reference el ectrode. Ln accordance with the
present invengl og?sa%lq‘dlédr}ietwﬁ%{oeeﬁg aﬁuHF‘%aﬁgﬂﬂ%#ng’ﬂ@PH@{ber bet ween
the first worérepgieitetéuade Janduldie doafiahamemeal deandithe first
potential being selected to have a magni tude sufficient to ensure

that the magn UG%OYFFP??@%W&WO%%@‘%?émwﬂ@kﬁwp@lﬂsﬁ thehe
glucose i N { NBARRalttibh Hhd i QOLK-AYich3ehflora MARLa LUABPP! | ed
voltage (e.g. diffusion). I'n accordance wth the present Tnvention, a
second pot ent ¢xdflatios. Ippi émbbdimertt o€ thieiheentioe! the eintichshis detwren ier ki ng

el ectrode and r ef.erence ectrode, the second tential being
greater in rna%;u%ﬁl]Q i gﬁ}ehaﬂ V‘{fﬂgnﬁ %&Y‘%&Péﬁ?%ﬁ?w ﬂ‘(ﬁ“gp ‘T(iﬁ"tfﬂﬁl@“@ﬂgﬁdi nent
of the presendefinedBntieddllowing eqaeemd potential being selected to

i ncrease the oxidation of interfering conpounds at the second worKking
el ectrode. In a further enbodi nent of the present invention, the
meter nmay be programmed t se the follow ng equation to reduce the
ef fect of oxidatioﬁleu#¥engresulting fromthe presence of
interfering conpounds oh~the current used to calculate the
concentration of glucose in the sanple. In particular, the glucose
concentration nay be derived using a calculated current A10 where: W2
-flirt A G =whered;is the analyte current at the first working electrode, W;is the current

measured at the first working electrode, W, is the current measured at the
second working electrode, X'is an analyte dependent voltage effect factor and
Y 1s an interfering compound dependent voltage effect factor. Using the
equation set forth above, in a meter according to the present invention, it is
possible to reduce the effect of oxidation currents resulting from the presence
of interfering compounds and calculate a corrected current value that is more

representative of the concentration of analyte in the sample being measured.



where Aig a glucose current, W is the current neasured at the first
working el ectrode, W2 is the current neasured at the second worKking
el ectrode, XGis a glucose dependent voltage effect factor and Y is
an interfering conpound dependent voltage effect factor. BRIEF
DESCRI PTI ON OF THE DRAW NGS The novel features of the invention are
set fortlOWS h pafn prasmiddinerit of theerappendation e cacenfratied br

under st andi n f _t-he features,and, advant ages of .t resent invention
will be obt ai%}lﬁe)caS 8 SaPRiciEsd PRy attﬁf‘?gStFBIC ﬁ&“&éﬁ%ﬁ@@lﬁ €ription
that sets f orsuliplelohustést siip\eat QHAGHTRRb S mdiet 26brdihg td@e BrdsBgi Pl es of
the invention are utilized, and the acconpanyi ng draw ngs of which:
Figure 1 is Anvesbion dadbis sebagiment, the tost ewpdms aﬁrswpﬂsmg ¢lpotendb oud rr;ant
for use int ' [ | e | S.a,sC ic view of a
roter and st rroony o ring MU ol bl e Sl 3 RERI R e,

hydr odynani ¢ elestrodeandgeaumd ividrking elathatss béigs oepandenarnatal appl i ed
voltage with measur.e current. TAlI LED DESCRI PTI ON ?: 'ITHE | NVENTI ON
[00016] The préSBREY K& ARicBR RS2 A eCoeretiaion afutet torfagilialdhoi th a
test strip Wiidatiod of ddsst Bt MBI HG TR GdAPE oRich R TRASS
anal yte and, nore particularly, to a neter as iflustrated in Frgure 2
whi ch is prodhsitedorkingstestopdeamighasechnd Werking diattodewhen bpstedital ei n.

is applied by a meter according to the present invention between the first

working electrode and the reference electrode, and the second working
electrode and the reference electrode. In accordance with the present
invention, a first potential is applied by the meter between the first working
electrode and the reference electrode, the first potential being selected to have
a magnitude sufficient to ensure that the magnitude of the current generated by
oxidation of the glucose in the sample is limited only by factors other than
applied voltage (e.g. diffusion). In accordance with the present invention, a
second potential is applied by the meter between the second working electrode
and the reference electrode, the second potential being greater in magnitude
than the first potential and, in one embodiment of the present invention, the
second potential being selected to increase the oxidation of interfering
compounds at the second working electrode. In a further embodiment of the
present invention, the meter may be programmed to use the following
equation to reduce the effect of oxidation current resulting from the presence
of interfering compounds on the current used to calculate the concentration of
glucose in the sample. In particular, the ghicose concentration may be derived

using a calculated current 4;¢ where:



[ 00017] Whil e the present invention is particularly adapted to the
measur enent of glucose concentration in blood, it will be apparent to
those of skill in the art that the nethod described herein may be
adapted to inprove the selectivity of other systens used for the

el ectrochem cal neasurenent of analytes in physiological fluids.
Exanpl es of sYB¥edssis ratucasgcuyenta#ajstieacurisnt mprsuvead at Bledirstiwatkipgusi ng
t he nethod ac I t. ! ntion,includ | ecty achem cal
sensor s used fasadriis iy EnhEaE e IARLAY bBseTe i 4o -

alh coho: : cho:g?ol‘:oee gdzpenéeﬁtmollt@eieﬁ?ctfﬁit@hhclmfis a@:fﬁ;itd‘frtl’cﬁﬁ%@&ﬁ hupg i N
physi ol ogi ca uj ds. Exanpl es of physi ol ogi ca uids that may
contai n such %R& E@ﬂWﬁ%g@%%%ﬁFﬁod, pl asnma, serum urine, and
interstitial fluid. It will further be understood that, while the

met hod of the present invention is described in an el ectrochen cal
system wher e t he nmeBRIERDESCRIRTION OF $HE-BRAWINGSdati on, the

i nvention would be equally applicable to a system wherein the

measured curr.gnt._ i reduction. .[] 00018].The .pr.egent

i nvention is .r%%§%§&§%g§?ﬁ%5‘ﬁaﬁg%?é%§%?3£wﬁgpFﬁ%“§%5B% ‘vity of an
el ect r ocheni caipemded $lsiro gA byséramdébaidingoiine fdatidsanl vdaMdpbeer ther use
in a blood glucose neasurenent_ system More particularly, the present

i nvention i s WFiBEP¥eRto w4l b ohistned by refsrmcs o thy follewisadetellsdsi ty of a
bl ood gl ucos AR {: [ I ctd ng
for the effegct1 of %ﬁgﬁ%?étsé?f&llg{tﬂgg ?‘éﬁé\%@%ﬁ%’%%@g %%r?ﬁ@ %Sy&l n
such syst ens beinvgnttonreayiiizdodndttheacedmpanyingaawings sfixshiclm t o
accurately measure the glucose concentration in a sanpl e of
physi ol ogi cal fluid which includes one or nore conpounds which create
an interferi nggaeniem exploqRaeapRiive Atwoeh et kviblembbidient RIUESS t he
current generated at the working el ectrode by the presence of
interfering CORPEHIEEVERLI conmpounds ot her than gl ucose which
oxidize to generate interfering current) and nakes the neasured
current nore representative of the glucose concentration. In
particul ar, tFigum@dsusddmatic vientofmmyctdsendstfip fatisetin ik prdsentoxi dat i on
of interferi r}gve(}:l%ggounds commonly found in physiological fluids such
as, for exanple, acCetam nophen (Tylenol""' or Paracetanol), ascorbic
acid, bilirubin, dopam ne, gentisic acid, glutathione, |evodopa,

met hyl dopa, tgl azim de, tol butam de and uric acid. Such interfering
conmpounds mayFEe 3§ yhybedmpmiq vitammesrsieillusteatingithedephatenceadfl y wi t h
the redox nmedighiof vadaebWiNidbsid\@uRl: t he el ectrode surface.

DETAILED DESCRIPTION OF THE INVENTION

[00016] The present invention is directed to a meter for use with a test strip which
utilize the method described herein to measure analyte and, more particularly, to a

meter as illustrated in Figure 2 which is programmed in accordance with the method

described herein.

[00017] While the present invention is particularly adapted to the measurement of
glucose concentration in blood, it will be apparent to those of skill in the art that the
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[00019]In a perfectly selective system there would be no oxidation
current generated by any interfering conpound and the entire

oxi dation current would be generated by oxidation of glucose.
However, if oxidation of interfering conpounds and the resulting

oxi dation current cannot_ be avoi ded the present invention describes a
met hod of r enﬁ??ﬂ“r?(j‘ degspibedpergin maybe phgpiekte dmproye theelsetidiiofgthensysismsds

by quantifyi ng.dihe, fE L O of r ' lL.on ren
gener ated by t?le I nt erg?gﬁch%ﬂ%%n%%%%gg\é%ﬁg%ﬂgt&r %@tkkﬁalogﬁé}tﬁd%sént ity
from t he over Exkmpixs ditdystems that meybe adaptep & inpeoteaselectivitusingtheosiethod

according to the pre t inventioqn, .usi a test strip that includes
first worKki nga(‘é(ioécg‘rt‘g %’3@3 %fﬁ%f%’é‘gﬁﬁ’ﬁn\%’?%g%&cg?g’éﬂﬁg%?“S?f\%s"éit? TSP Eig
potentials ar &eﬁi@ﬁéénﬁgﬁc_ﬁﬂﬂlé&h@e,%é@é}taicgﬁbl,céﬂokﬁﬁhl,gﬁxfiﬁB atied Rllieagh of

the working el ectrodes is measure used to estimte the respectiVe
oxi dati on cur fefpsssriapBrrhyselesicer s Exaplegbiphysielagi! finidethbemang

conpounds. [O . +0 odi t .of. a method accorgi 1. h .
present i nven'?‘lg?%‘[rll%%1 Sgcht%s %&g@%ogﬁﬁ%ﬁfﬁni W%E‘Eﬁln&%’%’&%ﬁﬁl&g‘ It will
chanber cont afnibegbauddersiod Wit kit el BethoDOthe BreS@E RREnNEH i dBGribed in

el ectrode, and a]ﬁr equgr ence el ectrode. The first working el ectrode,
the second wofkFPiEfFesheraicrlsyecn fhergiae mersred uaertisprodaerddy sriation dreed

by gl ucose oxjfasgon i 68 ? foen |l ;
medi ator). Wen a sanple o@ﬁb o%@ﬁ Etl%je Ogh%y%%%%?%émﬁ?%%%%%mp Bced
in the sanpl epeiduedddry redusioryl ucose oxi dase is reduced by glucose in

t he bl ood sanpl e generating gluconic acid. The gluconic acid is then

oxi di zed by reduction of the Ferricyanide to Ferrocyanide, yielding a

reduced (@908} Nedi Thopredwht AventoR MEERIAkd Qﬂwﬂﬂb@_@&ﬁﬁ?ﬁﬂﬁﬁg e sdl8ivity of
gl ucose concentration. An exanple of a test strip that may be

suitabl e for BR@eFFPchemselmersEmesyrmdhat i nariculryadapted fov asrinerblol
L, eneTouchephkid bt i 30t il 5880yl b o

Cali forni a. her suita s ar escrrrbedrrnin
publ i cati on VDethbAERO8PAYingritle Sedlivity e glhR0 AikhiviedRR sRROEY Ment

of a nmethod acgc @?i ng.ta the present inventjon a first potential is
appl i od to a FIRED GSrieGoRsBaE fodes sikat of (e tembimirstesnior sprans
ppLi . ) :

applied to thgeleanapeh yeh kjshens Bl 4 RelRurelof Hetbitf BPRM S to dcBfvately

first potential is selected to be in a
measure the glucose concentration in a sample of physiological fluid which includes
one or more compounds which create an interfering cuirent. Improvement of
selectivity thus reduces the current generated at the working electrode by the presence
of interfering compounds (i.e. compounds other than glucose which oxidize to
generate interfering current) and makes the measured current more representative of
the ghicose concentration. In particular, the measured current may be a function of
the oxidation of interfering compounds commonly found in physiological fluids such
as, for example, acetaminophen (Tylenol™ or Paracetamol), ascorbic acid, bilirubin,
dopamine, gentisic acid, glutathione, levodopa, methyldopa, tolazimide, tolbutamide
and uric acid. Such interfering compounds may be oxidized by, for example, reacting

chemically with the redox mediator or by oxidizing at the electrode surface.

[60019] In a perfectly selective system, there would be no oxidation current generated

by any interfering compound and the entire oxidation current would be generated by
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range in which the glucose current response is relatively insensitive

to the applied potential and thus the magnitude of the glucose

current at the first working electrode is limted by the anount of

reduced redox nediator diffilsing to the first working electrode. It

shoul d be noted that glucose_is not directly oxidized at a worKking

el ectrode, buttXidgdemeieincese. fowest ifoxidation sEunterferiagiefmpmindgans the dox

enzynme and a 1 LLbtion of - the. present

i nventi on, thg&gﬁﬁgggfe&a}%lﬁ%rﬁ {‘% e ‘gtrbg%t%%d%%ﬁlgﬂeaee}{'tt fntérﬁl(;%q% (feécaﬁ’@%ﬁ

redox medi at ometimgitofcansehgtons: dralitofi thegifieaiad Sferéaing hp&iNdOBy qhdntidfing
i h

enbodi nent of _the preseni_inveniiqn where ferri/ferrocyanide is the
redox medi ato Fheéﬁﬁl?%?rb%éfh? gvetrﬁtowgarqu FErTet generatefby the interfariag compounds
potential MRY ah@BHEab@ThaRAM P Ginl thi it Bt gh b
and nore preferabl yafro'm agiout %5 m I?Al%% ?gsl&tbg@a oeﬁl?'o% é‘ﬂay’%%
mllivolts, ampthodtaceardinghwthe pprseftdnablign, nsiyg a tesigerilf heninelodestfir-89Forking

405 nV. A sec tential .is.applied.tq a cond wort ki ng el ectrode
auch that e REBki0 5o @ng WiraREdtHod dd T Rl Riala 1Y pmrl A endte
Wier e the applokiddtigoseithi @heratedaf @rh OF tHeRARkihp B RRIdSNMs indlaste88ad, t O
oxi di ze the glucose. In an_enbodi nent of the present invention where

ferri/ferrocy&ftme ths respective 9sidatetruaent prapatiens fdoth Bretghwosenidi ng

el ectrode, theusecond patential may range from about 50 millivolts to
about 1000 m I v%’{ﬂ%s,o gn nore preferably from about 420 millivolts
to,about 1000 mllivolts. [00022] Because the glucose current does not

i ncrease increases onl.y .m ninal | ith increasing potential, the,
gl ucose c[ﬁéqugﬂt at ﬂ?cgg%gﬂi‘f“%\gﬁ'ﬁ%?‘%@g\%?‘é‘e{ nede thapsesent iggention, a test strip

subst ant i al | y ige@bhic ihdMeied b YGANE Bt Bint@hink B%ird: Woski '
el ectrode, even though the poten ig at thne se%oﬁiél \Woo?l%%gfeﬁdgg’tarode

i s greater thafforhwopdngelesete,andanefereheastleatiods t Thedst Watkimg eleatyode, the

addi tional cu ond ki ng el ectrode, nay be
attri buted t o vha yBRAREhERBL ahd e RGN OB e Vo PE Eer B se
the hi gher po(ibatizmentnd hRerdeaoidd (1o fddoR ghealagr]. I m&nséwgmwﬁda(ﬁm
gl ucose over pof eni.tal . cur e@é tg,b&@neasured at the second wor ki ng

el ectrode whi @ Si“’é"%a%glr]fdéﬂs 58 tTaive APl chaghsts theelaengn priders it tedpded
gl ucose_ cur r eBy gRbodelif el MRl REerAAIEQAR BRC A8 B1dBRc blifi B then

potential and segcond potential are in a1 I ng gl u% Se curren
range whi ch i 8Xidizsd by radpgieontof theRanmdeenidn telfymocraideoyieldinga redudedvesdex |

in practice, have an. i t on the measured
cur Pent, f or g{(eg%%f@ﬁl %n@bg&gaﬁi?gﬁ{%org%%mtgggﬁlf%geﬁﬁ‘b‘lefl%“@ol}\"ﬁ‘é‘mﬂe
second wor ki ngf etesictripitiet miyier sithlsle €ruedin 1bth@hicchAEpa B frésehine
overall current gt th secgf‘nd %ki@ig el ectrode as a result of an
drop or capad“tVF{‘}E’né? dineToughe VUl fopt stinoeld by leifeSeprs dngp efillpites,
resi stance) ig 2 ePadi I I ty

) | BabfofSe ”@ﬂl’&f‘ﬂﬁtﬁﬁﬁ%‘%& %de?mﬂ%@&%teﬂ@ﬁ%a?ﬂ@%%%&eﬁ £ IR

causes an increase in the neasured current nmagni

drops may be $HE7G984rall W@ OLEBRME.0f the first working el ectrode,
second worki ng el ectrode, the reference el ectrode, the physiol ogi cal
fluid between the working electrode and the reference electrode. In

addi ti on[000RY applneatembodinest dfagh@hodRictipab Fl{e%?ééleﬁtfin*{fe%ﬁ&bg first
e

formation of a larger ionic double |ayer which forns a

el ect r ode/ | i qRAEUEhISEPPUREIL0 2ifikst meoaking gleptiadeian p scconp petentiah sexpalict tlike
resul ting curggntd RbkBletdi&irodd i - ki.ng.electrode or secqnd. .
wor ki ng el ect rode. [IQO 23] 1 %&%?{i’fg?lg tg%l%ﬁg%mﬂ%g?{iH%teﬁ%ﬁlﬂlsaﬁefe"{%a tobein a
rel ati onshi p 1egaeerhicliée glossenentrespohseieaiiivel imendite: tbitkesdpplied

Ki | ect : h [ | ectrod t
o devel op a SO TERE BT FERREESE fafynermsticn it wotingrlscueds

current at is limited by the amount of reduced redox mediator diffusing to the first working

electrode. Tt should be noted that glucose is not directly oxidized at a working
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t he second working electrode may al so be referred to as a gl ucose
overpotential current. A directly proportional relationship between
the glucose current and the gl ucose overpotential current may be
described by the foll owi ng equation. XGX AJG 442G eq 1) whereXGis a

gl ucose dependent volta ffect factor t he gl ucose current at
the first wor KiAE%: @Ef’%&ﬁﬂg ecalQ@nidgze@%O@waggrquxre@mmggnq%dox

second wor ki ng,8laef! 1P dedcBPRRA) A ﬁ%ﬂﬁﬁ@@gfhﬂﬁ fhe gcésja%m%xﬁ S + an

i nvention, where ferri /ferrocyanl de s r edox I at or car

is the worki nngéh*e@tcrf@wewed tedoxwediagethef cfoe@latdsa@thergl(@cbmcogbmm riny
be expected tq_be about Q. 95 .an )

enbodi nent of a{lﬁ@b?cﬁ{?\é\ﬁ ot the PreseghiRyension é’n?regﬁ’rgjféﬁ Hﬁh{}t‘? rpdox mediator
significant i eR@edbdaits Hesvdakidg efkbtrétie] €aHi® Potertial BRY rRHR FeBLatdEQ I €dOX
medi ator (ferraqcyanide) has fast electron transfer kinetics and

reversibl e el &dlivels topkerisep Wpﬁ%mmﬁﬁmﬁﬁ@bh’lﬁ%@mﬁ&ﬁ mglivolts to

el ectrode. Be

ner casi ng ot aar b Aof POt AR Wch Hithe hitftariphnay REEEBIR dolios o4y
be said to be nﬁatﬂmatoedipohenmajn1seapqi11é6mmse¢bnﬂmhﬁglele&godemd{ m@ﬁﬁéidcﬂzd
t he enbodi nent of . resent gxentlon descri bed above, gl ucose is

i ndi rect | y . meR8GRE 36?& st BYRE), alYers g anp %dﬂﬁﬁfmfﬁlmg“ Sfea’ferﬂlan

el ectrode and Weeumf}ee&eerta BLMRRIEE1ERRE O bk @b OBrleft
proportional to'the glucose concentration. The standar ntlal (E)

val ue for a parveniéiul sherefeadfarmeimidecathecoivpowadittirsnd cmban wrthe whbrkingat

conmpound' s abi han ectrons

conmpounds. Inee'l&le e’rrtg"fa g@%n& (2:81}’[1 ﬁ’gﬂy{a&’g?ﬁgmpaggéeﬁfnm itﬁit‘? %H’ut 1900
potential at wlilkivbits, aid worekiréefErablyefont ssbat 420 BElRE eslalcut PEOBRY S,
than the standard potential (E) of the redox nedi ator. Because the

first potential is selected such that itis sufficiently greater than

the E valpgsyef theBE&Q%Q gté&e ’cultrglft‘ d?é%'&?ﬁm’c&@sé&&%ﬁa&@&gﬁ%#ﬁiﬁ%ﬁg@ﬁﬁ

substantially as the appli pot ential 1 ncreases.

great er pot entticedasing thhle:l@,eh@gidcm lcdmmg atghessteowmbieonkdrlg elevabdé sSoukibdse

t he oxi dation al t{]q sec k| ng el ectr.o and. any_increased
subgtantia %

current measufed {yhe v %H'@rg WP EHTe) at fedustvking slectrpde, gy thepeh
ot her fact or shegoehtifst ’fhfeQéco@K roRkify electiddatd @Pat@fthdnYhe hbiehtid1 Gt the first

conpounds.

electrode. Thus, any additional current measured at the second working electrode may
be attributed to the oxidation of interfering compounds. In other words, the higher
potential at the second working electrode should cause a glucose overpotenital current
to be measured at the second working electrode which is equal or substantially equal
in magnitude to the glucose current at the first working electrode because the first
potential and second potential are in a limiting glucose current range which is
insensitive to changes in applied potential. However, in practice, other parameters
may have an impact on the measured current, for example, where a higher potential is
applied to the second working electrode, there is often a slight increase in the overall
current at the sccond working electrode as a result of an IR drop or capacitive effects.
When an IR drop (i.e. uncompensated resistance) is present in the system, a higher |
applied potential causes an increase in the measured current magnitude. Examples of
IR drops may be the nominal resistance of the first working electrode, second working

clectrode, the reference electrode, the physiological fluid between the working
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[ 00026] Figure 3 is a hydrodynam c voltamogramillustrating the
dependence of applied voltage with neasured current where
ferri/ferrocyanide is the redox nedi ator and carbon is the working
el ectrode. Each data point on the graph represents at |east one’
experinment where a current is neasured 5 seconds after applying a
vol tage acr os slegiradlsrakd tig refernts deltrodn dnaddidbs tengpliedtRator @ 4xheHhgentiel

3 shows that the, current for n onset .o | at eau regi on at about
400 mv becauséeSP%né%pﬁg%@Wg?Fiﬁ%“i‘@“%‘éﬁ“hegP%ﬁWlﬁlc_hgfla’é’_ag?%Fhet han of
the E val ue Ofeieﬁt%deﬂﬁlﬁﬁ%léﬁ'aqe:r%fsiﬁ’éthb kdnﬁ&??&ﬁﬂﬁ dhafh b Bingourit at

the potential reaches approxi mately 400 mV, the glucose current
becones sat ur githey thedirstworkingelearorde et seosndoforking eleclyade de i s di f f usi on
limted (i.e. the diffusion of ferrocyanide to the working el ectrode
limts the nmagnitude of the measured current and is not limted by

t he el ect[o@m3} r anstejrdéras GetblineBe aiedl 1Q&3ABAH Beidien IHREIRLRCITRGE) -
[ 000271l n general, current generated by the oxidation of interfering

conpounds i s HEESUSE A Fiedee iyking eleelaedsand fhegpgoin evprking elsgieodanitiisshows
a nuch stronggg, f (E!I@%E?ﬁ) PR lehl:féggﬁ).?{t i flﬂ)e ﬁ&%ﬂl&t&%& g@v?s é:u%eené at

gener ated by oxi dat’i on ferrocya errocyani
gener at ed f r ofhetsheni moeliag tlecirvde fnaglalso bs esfniddio b e ghgyeepbRntiile

enzyme with ferrocyanid Typi cal interfering compounds have

sl ower el ectr S‘HT?‘?'a‘%QFB‘FE{IYIHI “H?l %/ei?élﬁ?ﬁ&’%flfbe{w??@gb%@@?%e(’w*@ and the

ferrocyani de) gluld¥esvetpbkatia? 86@ert §r1a9 BE tiésLRGEAH tﬁ@ﬁﬂﬁ)@v‘ﬁ% e{q?éfonmSt
ro

interfering conpounds undergo an ihner spheré el ect ansf er
pat hway as opposed to the faster outer sphere electron transfer
pat hway of ferrocyanide. A, typical inner sphere ek ctron transfer
requires a chenica?%redgti&ﬁ to occur, such as §3hYdride transfer,
before transferring an electron. In contrast, an outer sphere

el ectron transfer dqes require a chemcal reaction before

t
transferring dNeidtt g‘gg‘?seﬁﬁ%‘?ﬂé?‘grv@ltaﬁeﬁﬁéﬁ‘t fagire ac tthe Elrense coient pler
rates are typiedityokiapBotdiRin@ub s 1RUNGHE SEfl &b LA Lfe

because they require an additional chemTal reaction step.

oxi dation of &lé@®dsate to dehydroascorbate is an exanple of an inner
sphere oxidation that requires the liberation of two hydride

noi eties. The oxidation of ferrocyanide to ferricyanide is an exanple

of an ou#024jpher emehenibbditeht BB fesentineéRion Whert ReriAdfdcoRide is the
enerated by interfering conpounds generally iIncreases when testin
g y g np gen Y g
at a hi gher pBE#hEE tor and carbon is the working electrode, the voltage effect factor X for
glucose may be expected to be between about 0.95 any about 1.1. In this embodiment
| of the invention, higher potentials do not have a significant impact on the glucose
oxidation current because the redox mediator (ferrocyanide) has fast electron transfer
kinetics and reversible eleciron transfer characteristics with the workin g electrode.
Because the glucose current does not increase with increasing potential after a certain

point, the glucose current may be said to be saturated or in a diffusion lmited regime.

[00025] In the embodiment of the present invention described above, glucose is
indirectly measured by oxidizing ferrocyanide at the working electrode and where the
ferrocyanide concentration is directly proportional to the glucose concentration. The
standard potential (E°) value for a particnlar electrochemical compound is a measure

of that compound’s ability to exchange electrons with other chemical compounds. In
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1A relationship between an interfering conpound current at the
1}??258\/\orki ng el ectrgde and an interfering conmpound overpotenti al
current at the second working el ectrode can be described by the
following equation, Y x /2 = /2(eq 2) where Y is an interfering
conpound deper}_ﬂent Vi Itag effect factor, /2 is the |nterfer|ng_ I
conpound cur r éRt iR 2599 %EWBPW?@FF@%W?Q,tlb?mutm?:ﬁhteﬁ?gg??rln% .

rrent. Beca ol r v a

ggpendent upo?%hﬁg@n%gr%gc% d %a%e{.%?ag&%%&n ﬁar,d H%ﬁe@%ﬁla@ta o thegedox

interfering congéuen Rrcawsepoimsmtatiado st saattblieisTRtRIh M) 58 han

he wor ki ectrodes, .cal cul ation of a particular inter ering
]::g:rpt)uﬁd depe%eﬁ%v B PidpRredeR epls dersidation rate doas notdudrease sipsinntially as

test strip, angd AP&tehitl SlcfBEdsNGhED gompounds redquire
e>e<|§erisrrenfat i on ?ﬁgﬁg i ?ri % t egg\fol ta@%@%ge?gr n%Fnlblag? fgﬁ}%g%u
criteria. Alt&r9sknpvleryodemitlawt ercasithe mméaziuﬁﬁf%ﬂg&%ncgﬂrﬁﬂﬁj%}%%ﬁ%}bse and
may .be deriv r. descri hbed mat hema -
' an-embodi mA Tt B3Rt i Rberanienialelserpd ey begeriomdhcrs
the redox nedifatas, saddas; firlbeanps, 6%@96&&&‘3&#%&%{6‘3%@} hel i b
I nterfering conpound dependent vol tage effect factor cou e

mat hemati cal |y described using the Tafel equation for /2 and /2,

.ri=a’ ex(jod28f 22) Fipure3 isa hydrodynamic voltammogram illustrating the dependence of
applied voltage with measured current where ferri/ferrocyanide is the redox mediator
and carbon is the working electrode. Each data point on the graph represents at least
one experiment where a current is measured 5 seconds after applying a voltage across
a working electrode and a reference electrode. Figure 3 shows that the current forms
an onset of a plateau region at about 400 mV becanse the applied voltage is
sufficiently greater than of the E° value of ferrocyanide. Thus, as illustrated in Figure
3, as the potential reaches approximately 400 mV, the glucose current becomes
saturated because the oxidation of ferrocyanide is diffusion lmited (i.e. the diffusion
of ferrocyanide to the working electrode limits the magnitude of the measured current

and is not limited by the electron transfer rate between ferrocyanide and the electrode).

[00027] In general, current generated by the oxidation of interfering compounds is not
saturated by increases in applied voltage and shows a much stronger dependence on
applied potential than current generated by oxidation of ferrocyanide (the ferrocyanide
having been generated from the interaction of glucose with the enzyme and the
enzyme with ferrocyanide. Typically, interfering compounds have slower electron
transfer kinetics than redox mediators (i.e. ferrocyanide). This difference is ascribed
to the fact that most interfering compounds undergo an inner sphere electron transfer
pathway as opposed to the faster outer sphere electron transfer pathway of
ferrocyanide. A typical inner sphere electron transfer requires a chemical reaction to
oceur, such as a hydride transfer, before transferring an electron. In contrast, an outer

sphere electron transfer does not require a chermical reaction before transferring an
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= a' expillb24(eq 2b) where 771=Ei -772 =E2//is a constant dependi ng
of the specific electroactive interfering conmpound, El is the first
potential, and Ey is the second potential. The value of E (the
standard potential of a specific interfering conpound) is not

i nportant because it is canceled out in the cal cul ation of A77.
Equations 2, 2Xdectph. Fhereloes, omatxpherd chaotlon rarsfea rudid iypiehldy dowdi€han outer
foll ow ng equatjon,.Y = ex (,eq 2c where A77=Ei - Ey. Equation 2c
provi des a natﬁqié?{ﬁte {egzm ?ﬂﬁ’%ﬁ%ﬁ%ﬁ?ﬁ‘eﬁé@é‘ﬁﬁ?ﬁéﬁi% chspigal gadion step.
between A q (iTie.oxidatiotlbf 4861846 & BRYMBEROIHAR if Al SlanPRIFah e %Jﬂgret he
second potential) and the interfering conpound dependent vof age _
ef fect factor 9xidatigp thahregpisesdhadieration of treo hydoidemoistiny €Fite aridatibn oy

range from ab : . nore preferabl etween gbout 1
and 10. In an%%é%’?r%n%cy ?eslsﬁ\glxen’t l%ﬂfant% o ﬁl%ef?q%%ﬁoﬁgmﬂ%%ound
dependent vol tTgefetfthe tutat tarratity irerfaeiLiofipoads @sReillyBertakd Whdor

a specific interfer] onpound or conbination of interfering
conpounds. It t%ﬁ?&nﬁgﬁ?{@f’?ﬂhﬁ hat the interfering conpound dependent

voltage effect factor Y for interfering conpounds is usually greater
t han vol tage effect factor XG for glucose. As the follow ng sections
wi |l desclOP#S) t he Awelationshin beiwesnsindttiedaiiy @npbus) curlest 4t thefiferdkige

conmpound curr and the interfering co u over potential current
J2: and b) t hge%téfru%%és}“g 2 eHnE foEPaTRE ?W?E?’gﬁ“g%&é‘ﬁe%\?éﬁﬂﬁé'ﬁ%ﬁ@ wigrking
current A2G wicldetredid @wba dgtcibarisy @k BAlowiigRdugidde proposed which wil |
reduce the effects of interfering conpounds for neasuring glucose.

o

P

YxI; =1 (qu)

where Y is an interfering compound dependent voltage effect factor, I; is the
interfering compound current, and I is the interfering compound overpotential
current. Because the interfering compound voltage effect factor Y is dependent upon
a number of factors, including, the particular interfering compound or compounds of
concern and the material used for the working electrodes, calculation of a particular
interfering compound dependent voltage effect factor for a particular system, test strip,
analyte and interfering compound or compounds may require experimentation to
optimize the voltage effect factor for those criteria, Altematively, under certain

circumstances, appropriate voltage effect factors may be derived or described

mathematically,

In an embodiment of the present invention where ferri/ferrocyanide is the
redox mediator and carbon is the working electrode, the interfering compound
dependent voltage effect factor ¥ could be mathematically described using the Tafel
equation for I; and [,

I = a'exp(%;} {eq 2a)
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[ 00029] I n an enbodi ment of the present invention, an al gorithm was
devel oped to calculate a corrected glucose current (i.e. AIG and A2G
whi ch is independent of interferences. After dosing a sanple onto a
test strip, a first potential is applied to the first working

el ectrode and a second potential is applied to the second worKki ng

el ectrode. At the first, working el ectrode, a first current is
measur ed whi ch can ‘Be 4& ribed by the fol I(ewfhg equation, = AIG (eq

3) where W/ is the first turrent at the first working electrode. In
other words, the first current includes a superposition of the

gl ucose current Al16 and the interfering conmpound current ./j. More
speci fical |y, Wheee pymfer s yrFzc Bipbinalcmuimnibdvpentiys Rthas#biie electroactive
interfering cur t which has been _described herei nabove. At the
second wor Ki ndn{gﬁg‘%‘%&‘iﬁ’@m‘é@@ewﬁﬁﬁ@hﬁﬁmﬂ,i&@d Hetsdbe segomt paténdiak ekhend
potential or e i, ' e described by the follow ng
equation, 1{ 79?%%%6@%%%%%@4]?&3&%?%&@9? °Fﬁ%‘%§‘8§§ﬁ‘8p%‘mﬂ§@ﬁlpt at the
second wor ki ngmpbitart bedese ARG @Iel et i@l QSRi1RMa bPAYE NHdual r
measured at the second potential, and 12 is the int?r?%&?%gﬁgb%gghﬁgl
over potenti al tePmbived persaragedto Widlé tedollowinpetekibhal . Mor e
specifically, the interfering conpound overpotential current nmay be a
Direct Interfering conpound Current which has been descri bed

her ei nabove. Using the pfgyipusly described 4 equations (eq's 1 to 4)
whi ch contain 4 unRﬁamms(fZ@ , A26y f3, andeql®), it is now possible
to calculate a corrected ose current equation which is

i ndependent of interfering conpounds. [00030]As the first step in the
derivation, A26 fromeq 1 and 12 fromeq 2 can be

where An=E; - By. Equation 2¢ provides a mathematical relationship describing the
relationship between An (i.e. the difference between the first potential and the second
potential) and the interfering compound dependent voltage effect factor ¥. Inan
embodiment of the present invention, ¥ may range from about 1 to about 100, and
more preferably between about 1 and 10. In an embodiment of this invention, the
interfering compound dependent voltage effect factor ¥ may be determined
experimentally for a specific interfering compound or combination of interfering
compounds. It should be noted that the interfering compound dependent voltage
effect factor Y for interfering compounds is usually preater than voltage effect factor
X for glucose. As the following sections will describe, the mathematical relationship
of a} the interfering compound current 7; and the mterfering compound overpotential
current f2; and b) the glicose current 4,6 and the ghacose overpotential current 4z¢

will allow a glucose algorithm to be proposed which will reduce the effects of

interfering compounds for measuring glucose.

[00029] In an embodiment of the present invention, an algorithm was developed to
calculate a corrected glucose current (i.e. 4;6 and A;5) which is independent of
interferences. After dosing a sample onto a test strip, a first potential is applied to the

first working electrode and a second potential is applied to the second working
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substituted into eq 4 to give the following eq 5. W = X6A26 Yl (eq
5) Next, eq 3 is multiplied by interfering conpound dependent voltage
effect factor Y for interfering conpounds to give eq 6. YW =YAIG
+(eq 6) Egq 5 can now be subtracted fromeq 6 to give the follow ng
formshown ineq 7 W -17W= XG AIGA IGeq 7) Eq 7 can now be

rear r anged to‘%‘%ﬂﬂé Abtheiisg wasking elegtgodg) %ﬁiﬁ%‘éﬂl@ﬁ?lﬁwuﬁ\}?@h@hsm@ at

the first potgablald BShSRBYRilgLqGidd;
Wy =die+ 1 (eq3)

where W is the first current at the first working electrode. In other words, the first
current includes a superposition of the glucose current 4,6 and the interfering
compound current /;. More specifically, the interfering compound current may be-a
direct interfering current which has been described hereinabove. At the second
working electrode, a second current is measured at the second potential or

overpotential which can be described by the following equation,
W2=Adze+1 (eq 4)

where 172 is the second current at the second working electrode, A7¢ is the glucose
overpotential current measured at the second potential, and I, is the interfering
compound overpotential current measured at the second potential. More specifically,
the mterfering compound overpotential current may be a Direct Interfering compound
Current which has been described hereinabove. Using the previously described 4
equations {eq’s 1 to 4) which contain 4 unknowns (4,6, 46, I;, and 1), it is now
possible to calculate a comrected glucose current equation which is independent of

; interfering compounds.

[00030] As the first step in the derivation, 4,¢from eq 1 and I, from eq 2 can be
substituted into eq 4 to give the following eq 5.

W, =XgA;c-+ Y (eq 5)

Next, eq 3 is multiplied by interfering compound dependent voltage effect factor ¥ for

interfering compounds to give eq 6.
YWy =Y Ao + YI; (eq 6)
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Eq 8 outputs a corrected glucose current Al G which renoves the
effects of interferences requiring only the current output of the
first working el ectrode and second working el ectrode (eg WL and W),
gl ucose dependent voltage effect factors XG, and interfering
conpound dependent voltage effect factor Y for interfering conpounds.
[ 00031] A gl ucose neter containing electronics is electrically

interfaced W &hs5a i .e.the current from W
and V2. In oneqesnbag(hjlyﬁe%ﬁ'? u%@%ﬁ?‘{)ﬂrl g%ge%tg?eﬁ@lgrflﬁogﬁngf@néﬁww be

programmed into the glucose neter as read only nmenory. |In another

enbodi nent of the pre L_'nﬁent gn,XG and Ymay be transferred to the
meter via a calibratfion’cod® %’l%.ml'he cal i br at (8)code chip woul d
have in its nmenory a particular set of values for X0 and Y which
woul d be cali r%ted for a particular lot of test strips. This would
account for t &9t 8k PPy be srarengsdde solus fouthemosretthdiplunmye conet 44 eXGednd

Y. (000321In %%Q?Bteﬁﬂﬁ%g!sﬂ@\%ingé g he present invention, the
u

corrected gl ucose rrent in €eq qmsiy be used by the nmeter only when
a certain threshold is exceeded. For exanple, if W2 is about 10% or
greater than W, then the neter_would use eq 8 to correct for the
current output. However 4 i;%\?% about 10&83;3 | ess than W, the
interfering conpound con‘c?entht—iIOn is |ow afid’thus the neter can
sinply take an average current val ue between PY) and W2 to inprove

t he accuracy and precision of the neasurenent. Instead of sinply

averagi ng the r of nd W2, a e accurate approach may be

to average V\l?%gto Eﬁ)ﬂ {Sf W\\%ﬁt gf?%ﬂ]{’%sg Cﬁpffrt{‘%‘éwg’éﬁéﬁﬂ%’fﬁs thegittesigaf ef f ect

; ggg ?(rjfsgl tsot g‘seeferﬁgme@ﬁﬁﬂmﬂy (usrentlonBRPEOKE TR § Vb gbalDab kS
segon]a working electrode (eg #; and W), glucose dependent voltage effect factors X

» and interfering compound dependent voltage effect factor ¥ for interfering

compounds.

[00031] A glucose meter containing electronics is electrically interfaced with a glucose
test strip to measure the current from W;and ¥, In one embodiment of the present
nvention, Xz and ¥ may be programmed into the glucose meter as read only memory.
In another embodiment of the present invention, X and ¥ may be transferred to the
meter via a calibration code chip. The calibration code chip would have in its
memory a particular set of values for Xg and ¥ which would be calibrated for a

particular lot of test strips. This would account for test sirip lot-to-lot variations that
may ocecur in Xg and Y.

[00032} In another embodiment of the present invention, the corrected glucose current
in eq 8 may be used by the meter only when a certain threshold is exceeded. For
example, if 17, is about 10% or greater than W1, then the meter would use eq 8 to
correct for the current oufput. However, if W, is about 10% or less than W;, the
interfering compound concentration is low and thus fhe meter can simply take an

average current value between W; and W, to improve the accuracy and precision of the

19



and 4 when '2 is low). The strategy of using eq 8 only under certain
situations where it is likely that a significant |evel of
interferences are in the sanple mtigates the risk of overcorrecting
t he neasured glucose current. It should be noted that when W2 is
sufficiently greater than WL by al arge anmount (e.g. about 100% or
more), this | &eaHIREREcDEi5Rd BfWHB]\Yiaﬁgfa&ﬁgEh&@U@llﬂog%iagﬁ Ve orimerstacetration
of interferences. In such a case, it Ry be desirable to output an-
error messageaimeichankydfe ta agirappdEevidai-te virgatis gluaosealeyendbgivoligyalmreaf
interfering conpounds may cause a bredkdown in the accuracy of eq 8.
[ 00033] The foll owi ng sections w || dezﬁi be a possible test strip
enbodi ment  whizgior X@¥s ReriHi@ 0k dntnd '

present inventi onﬁgs shown i r?w%ﬂél g%iﬁ@u%gﬁ?ﬁﬁa@%ﬂe@fkﬁgg%w}%m ¢!
perspective view of a test strip which may be used in the present

i nvention. Te3d &Vhshlaa0low)-nEhydatens ok using et § only apde sartaip sinationmmwlere it
substrate 5. ; 1 - | ve: | .an .
sl ati on | ayeroganach @iEiaR B of it BRHEL £ B Y BlplE i thegisk of
hydr ophi | i c | eneegorZOtingihd neatuoat glagose clent. TR Shoudd bé Hot&DBatwElyenIE, is

manufactured in.a series 3% S#Ve S |Y\,herei n the conductive |ayer 50,

i nsul ation | ayf&P* Y grealgdngn éﬁ%? a52e amOik 5.8 @bl 89 Tagr: » this is an
deposi ted on Hageios YPBIVIRL A BrubtllP dighl Bhcd: &in c%@.“hﬁ@lﬁ?&hé&% it
process. Hydrophilic |layer 70 and top |ayer may be depose roma
rol | stock ar@ay bedlesaebld toptpuibasyosmbssegainstes of Brgudont Vahialsseuns laeery

ck’ oswbsesE _
bi ood sanpl o <8 ha ot AR BB Bt SrnciRnat BR b Fiiartes

i ncl udes reference electrode 10, first working el ectrode 12, second
wor ki ng ideﬁg:};qrode 4, ﬁ first contact 13, a second contact 15, a
ref erenc tact 1 follpwing segtiony, wilkbdesgrbaspassipletst stoipiembloiment which

materi al s whig ; : i e Pd, 11,
P, CRh. St al ny Db S ey G bAoA s YRRl Wyt
Preferably, tFiguedtiern akplodad petspeativadiest ofieaestayiprwiieymbgbaueadibmg i nk

such as thos cri bed i S5653918. 00035] I nsul ati on | ayer 16
i ncl udes cut %? &%BHV ﬁﬁ:"r‘% gf#&?@s@ ! %P‘E‘%Sﬁﬁ‘q@';“? %151%95 Wepn a base substrate 5.

These six layers are a conductive layer 50, an insulation layer 16, a reagent layer 22,

an adhesive layer 60, a hydrophilic layer 70, and a top layer 80, Test strip 600 may be
manufactured in a series of steps wherein the conductive layer 50, insulation layer 16,
reagent layer 22, adhesive layer 60 are deposited on base substrate 5 using, for

; example, a screen printing process. Hydrophilic layer 70 and top layer 80 may be
deposed from a roll stock and laminated onto base substrate 5. The fully assembled

test strip 600 forms a sample receiving chamber that can accept a blood sample so that

it can be analyzed.

[60634] Conductive layer 50 includes reference electrode 10, first working electrode
12, second working electrode 14, a first contact 13, a second contact 15, a reference
contact 11, and a strip detection bar 17. Suitable materials which may be used for the
conductive layer are Au, Pd, I, Pt, Rb, stainless steel, doped tin oxide, carbon, and the

like, Preferably, the material for the conductive layer may be a carbon ink such as
those described in US5653918.
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el ectrode 10, first working el ectrode 12, and second worki ng

el ectrode 14 which can be wetted by a liquid sanple. As a
non-limting exanple, insulation |ayer (16 or 160) nay be Ercon
E6110-116 Jet Bl ack Insulayer Ink which may be purchased from Freon,
Inc. [00036] Reagent | ayer 22 may be di sposed on a portion of
conductive layer 50 and insulation layer 16. In an enbodi nent of the
present i i on, I nelude chem cals such_as a

r edox enggﬂggind rggg%gﬁgg?éf%ﬁh%ﬁ%%ﬁﬁégﬁg%?#@ﬁ?@“?%%&?mﬁf?ﬂ'ﬁﬁﬁﬁﬁge.
During this resotodm0, firgpwofking ¢len@le 220A seddhd ¥oflgakisleehdd@A%which can
medi at or can 2F§%%q§ ated that then can‘be_neasured_eleqtrochenicalIg
so that a gl uCGIFUELREBHEMA sTBpecAR2pen-talidng aragle, pealshpmlayer(16 or 160
reagent for mulgdiy ' Litralph ' )

| nvent i on can o8 Fave MBI ERRpteisel B e By B4 850bed fom
publ i shed i nt &remat Insnal appl i cati ons W01/ 67099 and W01/ 73124, al

of which are incorporated by reference herein. [00037] Adhesi ve | ayer
60 includes first adhesive pad 24, second adhesive pad 26, and third

adhesi ve [pe036P8. TReagehtlRy@dUSyYe dhdpbsia o%@%%ﬁdﬁeoffé%ﬁ’d&ﬁv@gig?%ﬂad

adhesi ve pad 26 | ocated adjacent to reagent |ayer 22 each i ne
wal | of a sanprwlafise ke My biraesdbodiment efihemssdit inynttior, rdagent fayesonmay

i nvention, the,adhesi r C ri a.wat er. based,acryli..c
copol yner pr egnsur e%gée#ﬁ%? %% E héqs(}xve%‘% %ﬁlrle%oxc%ﬁck@t%?” W%éﬁ’r@éﬁf’%
from Tape Speciitil ghicese. IFRingthiktréagon, Hekdprtiodal ichnkt 6F Deda8d redox

(part #A6435) . 0038 drophilic |ayer 70 includes a distal
hydr ophi I i ¢ p&%ﬁgﬁg’f%%%%ﬂ%@@ﬁmmma%ﬂi edeptrophergicabrsolthatiat i ng

exanpl e, hydr gfbid ontaBfion' Snde AR Bk ShpI BAKDGANGNIEARN

surface such as_an anti-fog coatfna whi ch iépconﬁgg%la P@m%@ﬁﬁﬂﬁﬁ?g

from3M |t sHeAbE beugede g présant ivemton bt bl fotmydind fBpdtents 57082 8Pamdnd
6,046,051; published international applications W001/67099 and WO01/73124, all of

which are incorporated by reference herein.

[00037] Adhesive layer 60 includes first adhesive pad 24, second adhesive pad 26, and
third adhesive pad 28. The side edges of first adhesive pad 24 and second adhesive
pad 26 located adjacent to reagent layer 22 each define a wall of a sample receiving
chamber. In an embodiment of the present invention, the adhesive layer may

; comprise a water based acrylic copolymer pressure sensitive adhesive which is

commercially available from Tape Specialties LTD in T ring, Herts, United Kingdom
{part#A6435).

[00038] Hydrophilic layer 70 includes a distal hydrophilic pad 32 and proximal
hydrophilic pad 34. As a non-limiting example, hydrophilic layer 70 be a polyester
having one hydrophilic surface such as an anti-fog coating which is commercially
available from 3M. Jt should be noted that both distal hydrophilic film 32 and
proximal hydrophilic film 34 are visibly transparent enabling a user to observe a

liquid sample filling the sample receiving chamber.
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proxi mal hydrophilic film34 are visibly transparent enabling a user
to observe a liquid sanple filling the sanple receiving chanber.

[ 00039] Top | ayer 80 includes a clear portion 36 and opaque portion
38. Top layer 80 is disposed on and adhered to hydrophilic |ayer 70.
As a non-ﬂiniting exanple, top layer 40 may be a polyester. It should
be noted PPt he dPpiver¥)inrisdesserlem petiantioand ypame pomips 3R Tag mér 80

hydr ophi | i c pads; I r.t0.visual Ly confirmthat the
sanpl e recei vﬁ%‘é@ﬁ%‘gﬁ?@ a!sdﬂ é%???@fdgoﬁﬁhf 1?¥ﬁrr}§'df&¥€ﬂaﬁ'i‘€mb?ﬁ?’?aﬁ’ﬁi°8§’9
hel ps the usedayebébmuebaa holgéstae frshould be a6RE Has theRREIEGRoR3 6 QlbehfShIly

fluid such as, for exa%%,ﬁ' bl ood Wi thin the sanpl e recei ving chanmbér
and the opaqué ¥&et PR ProPigi prd $hihanalmesauskiga visually eonfirm that the

sinplified schappbideSRRWRRGHLA IT8LRE | [ NQ.: W t.est
strip 600. Met %@SOO%has three el ei?'%ll?l a %ﬁ?ﬂaﬁ‘?@%&?ﬂ%ﬁ é%eﬁ?ﬁtgﬁuser
el ectrical corbwseteadnigh degrée aficommaskbergee eadlored BuilAncls &g QR dx BB Higod

el ectrode 14, g@ﬂ erence electrode 1 In particul ar connector 101
connects vol t age s%%%a(?]eﬁiﬁegmtv@gf P er\mgtg}e'@a Yeateri i thedor épnect or

102 connects voltage source 104 to second working el ectrode 14 and
conmon 038% for 100 connects vol tage source 103 and 104 to reference
el ectrod 1 WhenFigarerZos aisigplified sshematio Fhewjag e mstar 600 Berfaoinyatitr a RO

applies a firsgf ed.ial first rKi el ectrode 12 and
ref erence el ect P%gg' 1 kegrslgg\i}%ﬁ%\ég%g%lﬁ?lccém mﬁt%g‘g%@éecéé%g?ﬂi‘mcﬁmto
potential E2 betwekingdenrudewsyectord vkt eRdgoddl 2a 18k &ic8 BeBirode 10.

el ectrode 10. A s | e of blood is appl.ied such that first worKki ng
el ectrode 12, %%%@%W?%?& EXPEeEEolage seier HQfte flavi wrking electonde 120

are covered WedrheQbOM. cofhécts veHAPS &R deQ898N bechRY %531&%&1&&%?«% gﬁx}d ‘o

hydr at ed, which generates ferrocyanide in an anoun opor
the gl ucose affirBpen Femeetpeltepnuentpmitage sunecis mad | dhtopefesanbt eledtrddbe

sanple. After, rom.the sanpl.e application, ter 500
measures an ox?ggiﬂ %%ﬁergoglr%?’ﬁ terftoyo 55t EOW?erHQ# ‘Rﬂ%%‘ﬁégéﬂ’ ? &Rt patentigh g
second wor ki nf kdteednrfosiewdkinglefectofe! Pindaekfindé Bectdle 1D an@YE88E bource
i nventi on, thgo val jées of and. E2 are determned in accordance wth

the previousl {OdPEEF RGO Ha bR PHEngrend waking dlestedeiddin evferience
may be used t@eqakeub.ahgaRABIARBINESs iégﬁ?mﬁ%%%ﬁgg%%%#&gsl y

met hod according to the present i1nvention.
described fi r¥rouhtokmesingtroés 4, and iqfremsetlictredd K) aré bevetddrsith o5& Tigs

el ectrode 12 ' el ectrode 14 had the sane area. It
shoul d be not%ﬁ%s?%@élﬁ%?&%n Co’lnﬁ\?%#f?‘iegh“]ﬁ”ﬁﬁl ReRerqtgsfppresyamide inap
strips havi ngareqymbproportiasal tédie ghdoss Hldr ieeSERRUoIRBR {dcddiStion present

revi ousl descri bed, strips.where the areas are
Pr} Y 9% sample. At Znout 5 seconds from the sample application, meter 500

measures an oxidation current for both first working electrode 12 and second working
electrode 14. In a meter according to the present invention, the values of E; and F,
are determined in accordance with the previously described method and the

algorithms described herein may be used to calculate an analyte current in accordance

with a method according to the present invention,

[0G041] In the previously described first and second test strip embodiments, the first
working electrode 12 and second working electrode 14 had the same area. It should
be noted that the present invention is not limited to test strips having equal areas. For

alternative embodiments to the previously described strips where the areas are
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different, the current output for each working el ectrode nust be
normal i zed for area. Because the current output is directly
proportional to area, the ternms within Equation | to Equation 8 nmay
be in units of anperes (current) or in anperes per unit area (i.e.
current density). [00042]1t will_ be recognized that equival ent
structures ma Yf%?é%&ﬁ%?‘i et SHPYdPr aR Werkingelentrode mupt hernoamalized for area.
descri bed her g AW ﬁﬁ‘l}? g [, 63\ L.on
is not the on[gyaag?? ﬁlgicgl?éént&ﬂiﬁ)gﬂﬁ%&@?o np (g]gieig%?%a’ ?’Iﬁﬁ%@%@hﬂmﬁﬁéﬁﬁm}
cl ai med i nventd Beuatipm 8 anifibeiimnnits ¢f agiperes (bulrent) ociaraatpeed pehatit @l .
structure des%liTgﬁg at{ycb}/e has a function and such structure can be
referred to as a Ireans’* or performng that function. Wiile preferred
enbodi ments of the present invention have been shown and descri bed
herein, it will be_obvious to those skilled in the art that such
embodi med®¥4gt e pr Bviilba respeniesd het carizplontstoehzes miNybesubstitvted foattieons,

h ,and spbetEd #l i o : killed in t t
W hout dapar it et S e deschBl REEH i ol 8ol PEpbipetipg e
various al ter iienticsis hot théienle shasisasii iy Bdenileneans iplesenand dfthed

herein may be, enployed jn practicing the invention. It is intended
that the fol | §% @%&?@Wﬁh@@%@e@@@dmﬂﬁw Ftaasrre ideserihptrbonet
met hods and S{EUCEMESS: Mt ki ' '

equi val ents be covered t htg?%t{okﬁlgﬁg%?%gr%%l@@%g%&e&%ﬁ@%ﬁ:@?eﬁ@n,

t he det ect i onfwktiomaWpileprefemd dmbetiren(s5P e prespirinsdntign havd baes thown and

connector (10 f.or..connect i al.d neter girst rki.n )

el ectrode (12%12}3838%{1 e Wﬂge? fo'go esi‘g]r‘?a lrégﬁr?é%ﬁ%rs“%}i%??"dff&?ms
connect i ng sabft piRhedd tyowdy SR anfleWalvk Nighdrdd vafhiffmk! @dSelbrgai d test
strip (600); a_comon connector (100) for connecting said neter to a
reference el eSfasBiops ol neyy eognptothess skilfadiip the art without departing from the

invention. It should be understood that various alternatives to the embodiments of the
invention described herein may be employed in practicing the invention. Itis intended
that the following claims define the scope of the invention and that methods and

structures within the scope of these claims and their equivalents be covered thereby.
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a first voltage source (103) connected between said first connector
and said common connector; a second voltage source (104) connected
bet ween sai d second connector and said comon connector; wherein said
first and second voltage sources generate a first potential at said
first connector and a second potential said second connector when a
test®i%ip is |nserted |nto said neter and a sanple is applied to
said test stri first nd voltages have the sane

pol &r i ’Vetﬁrﬁaooég’f %Feé'é %ﬂ%ecﬂ?ﬁ gﬁ[faliyéﬁs Slzi@é“e}fr g)nclomrcfmggr eater than said
first pOt grgitcaﬁ ac a{}g er el cn S%ll d eterttoa Frs o; llﬁlr %fsectrode %Ejson actist rs.tﬁ;p 00Y;

val ue at? and. a Ie

second Caﬁr?%g%qc ne or(a o Itlrhqs i gmefe;%asec_fo \Ipyors aé cl; {, Ststlstnp(GOO)
ted on con ector Io ao e t| %%dtmee er © areler ence )2‘ f) p

;32;{ ed Ej 1rst VO, a&’ge so rce co Iné cE w\?%l] sa:d fl(;':)s con ééc]tcf(ﬁg gr Hj Hﬁ-l Htgor Q&‘

fol | owi ng %‘ge s|c_ullr Jc 1be e ng?d se%nw G ct % co 3 o or;

w%

corr erEhe%m %lﬂ i Sell ﬁcf\f&&a BWU éngr%t Fsgp?o'?etn é?tat Sglglf gt Johr{eétkr %QQQ&Bﬁﬂfotenﬁal
nmeasur eq at néc%lngie’c%r% ena 5 35 ﬁgﬁntg dr'n&e ga EEHTEJ qg‘ p %%%Lﬁ&t&rﬁp, wherein
sai d Selcc:i st a %%Q ec% 1[51% ac SBE H‘Eaﬁc?%cmd ten 'Iﬁasg'?na@m@l é’ér@aﬁerthan said

dependen s an | ering conpound

d Eoten i
epen %n em s%ﬁitn%gag m%gsu?egta flisf’ic%]:rgrrt value at said first connector and a second current vaiue at said second

connector at a predetermined time after said test strip is inserted and sample applied;
characterised by said meter being adapted to calculate a corrected value of analyte current using the following
formula:

where: A, is said corrected analyte current; W, is the current at said first connector measured at said predetermined
time: W, is the current measured at said second connector at said predetermined time; X is an analyte dependent
voltage effect factor; and Y is an interfering compound dependent voltage effect factor.



